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Abstract
Background: Robotics is an interdisciplinary  research

area at the interface of computer science and

engineering. Robotics involves design, construction,

operation and use ofrobots. Robots are man-made
artificial intelligent devices used in various fields of day to
day life. Use of robotics in dentistry is a revolutionary
concept which is still under research. The main objective
of robotics in dentistry is to modernize the traditional
treatment, from “manual art” to *“science-based
automation”. The first application of nano-robotics was in
medicine to identify and destroy cancer cells. It is
important to provide patient education and awareness of
various technologies available in the fields of dentistry.

The main aim of this paper is to review current research in

the field of manufacture and application of robotics in
operative dentistry and endodontics.

Keywords: automation, dental robots, nanotechnology,
endo micro-robots, artificial intelligence, nanodentistry,
digital dentistry

Search Strategy

A systematic review (SR) was performed by  using
electronic databases (PubMed, Google Scholar, Science
direct etc.,) The database search employed the following
key words: dental robots, automation, artificial intelligence,
endo micro-robot, nanotechnology, Nano dentistry.
Inclusion criteria were articles published in English from

2006 to 2020.
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Introduction

Robotics is the branch of technology that deals with design,
construction, operation and application of robots as well as
computer systems for their control, sensory feedback and
information processing®. The term robotics was first coined
by the writer Issac Asimov in his science fiction book, I
robot, published in 1950'. According to the robot institute
of America, a robot is defined as “a reprogrammable,
multifunctional manipulator designed to move materials,
parts, tools or specialized devices through various
programmed motions for the performance of a variety of
tasks?. Different types of robots are already available in the
market for various industrial applications®. Robots are
small entities introduced in the field of medicine and
dentistry to increase precision, quality and safety of various
procedures®. Nanotechnology is a field of applied science
and technology which deals with individual atoms and
molecules to construct functional structures®. With growing
interest of application in nanotechnology, dentistry is
leading to the emergence of a new field called

nanodentistry,  which  deals with  nanomaterials,
biotechnology and dental nanorobotics®. Nanodentistry is
defined as the science and technology of diagnosing,
treating and preventing oral and dental diseases, relieving
pain, preserving and improving dental health using
nanostructured materials®. Nanorobotics help dentists in
various fields like inducing anesthesia, plaque removal,
tooth repositioning, tooth preparation, treating dentin
hypersensitivity, remineralization of incipient lesions,
fields of

endodontics such as access opening, enhancing cleaning

restoration of cavities, bleaching and in various

and shaping procedures and obturation techniques’.
Robots in Dentistry

Nano-robot is a tiny machine designed with artificial
intelligence to perform a specific task or tasks repeatedly

with precision at nano-dimensions. Nano-robots might
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function at the atomic or molecular level to build devices,
machines, or circuits, a process known as molecular
manufacturing5. Nano-robot functions may be controlled
by a board nano-computer that executes preprogrammed

instructions in response to local sensor stimuli®.

Figure 2: Nanorobot™

Nano-robots are microscopic in size and it would probably
be required in very large numbers to work together and
perform microscopic and macroscopic tasks™

Dental training patient robot

Currently, patient robots are being used for dental therapy
training. The so - called “phantoms” consisting of a simple
functional cephalic region and an arrangement of teeth are

used for clinical training*'*.
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Realistic human-like robot

Show hanako: In the capital of Japan, Showa University
mingled with the robotics company named TMSK in order
to manufacture a realistic robot which behaved exactly
like a human in its gestures and responses which helped
the dental students to learn more efficiently***"

Geminoid DK: It is the first robot in a series based on
personalities outside Japan. These robots are called
geminoids and are remote controlled with advanced
motion capture technology allowing the machine to copy
the facial expressions and various head motions**
Simroid: This robot was developed at The Nippon Dental
University Kokoro and it is used to train dentists in
various fields. It is an upgrade of simuloid, which is a less
efficient robot which was developed in 2007. Simroid
robot is developed in order to provide an emotional
feedback to dentists especially pain and discomfort and
also to respond and react to questions and commands and
finally rate and evaluate their treatment?.

Robot assistant: The authors investigated and invented
the possibility of active robotic support system during
treatments for handling of instruments via a multi-modal
communication framework that aims at a dentist as
assistant. It comprises of bilateral physical human-robot
interaction, touch display input, speech input and visual
gestures. In their approach they used a safe collaborative
and sensitive robot and conducted a user-study to explore
the feasibility of different human-robot interaction

modalities in dentistry®.
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Figure-3: Concept of dental patient robot initiated in
Japan'!
Nanorobotic dentifrice (dentifrobots): Nano-robotic

dentifrices, which are available in mouthwash or
toothpaste form, when on contact with the tooth surface
scroll over the supra-gingival and sub-gingival surfaces,
once a day, removing the attached organic matter and
debris on the tooth surface™®. They can also detect the
cariogenic bacteria in the biofilm and maintain the normal

ecosystem of the oral cavity”®.

Figure 4: nanorobot in dentrifice®.
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Figure 5: Nano robot in anaesthetic solution®.

Inducing anesthesia: A colloidal suspension contains
millions of active analgesic micron sized dental
nanorobots which are installed on the patient’s gingiva.
After contacting with the surface of the crown or mucosa,
these ambulating nanorobots reach dentin by migrating
into the gingival sulcus and pass painlessly through the
lamina propria®. Upon reaching the dentin, they enter the
dentinal tubules upto 1-4 um in depth and proceed
towards the pulp guided by a combination of chemical
gradients, temperature differences and positional
navigation under nanocomputer control®.

The migration of nanorobots from tooth surface to the
pulp occurs in 100seconds. Once installed in the pulp,
they establish control over nerve impulses. Analgesic
nanorobots commanded by the dentist shut down all
sensitivity in any particular tooth requiring treatment.
When the dentist presses the hand held control, the
selected tooth is immediately anaesthetized®. After the
procedure is completed, the dentist orders the nanorobots
to restore all sensation and egress from the tooth by
similar pathways used to ingress®.

Nanorobot analgesia offers greater patient comfort,
reduced anxiety, no needles,

greater  selectivity,

controllability of analgesic effect; fast and completely

© 2021 1IDSIR, All Rights Reserved

reversible action; avoidance of side effects and
complications.

Dentin hypersensitivity: Dentin hypersensitivity is a
pathological phenomenon caused by pressure transmitted
hydro-dynamically to the pulp. Reconstructive dental
nano-robots selectively and precisely occlude specific
dentinal tubules within minutes, offering patients a
quick and permanent cure from hypersensitivity’.

Many therapeutic agents provide temporary relief for this
common painful condition, but reconstructive dental
nanorobots, offer patients a quick and permanent cure
within minutes®
Cavity preparation and restoration:  Multiple
Nanorobots working on the teeth in unison, invisible to the
naked eye, may be used for cavity preparation and
restoration of teeth' Cavity preparation is very precise
and is restricted to demineralized enamel and dentin with
perfect removal of caries and maintenance of healthy tooth
structure, proper retention and resistance features far

beyond the skill of a most experienced clinicians™*

Fig. 6: Hypersensitivity curing Nano robots in dentinal
tubule®.
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Fig. 7: restoration

nanorobot®.

Cavity preparation and

using

Tooth preparation: Robots prepare teeth according to the
confirmed virtual preparation designs. Thus, a robotic
tooth preparation system facilitates the preservation of
tooth structure with high accuracy and precision.

A study conducted by Fusong Yuan et.al 2019 showed
that robotic automated tooth preparation is superior to
manual tooth preparation as reported in the literature with
respect to efficiency and accuracy of ablating.

Endo micro-robot: Micro endodontic robots can provide
safe, accurate and reliable root canal treatment for patients
by preventing problems identified with conventional
techniques such as inadequate opening and overzealous
tooth removal®. With online monitoring an intelligent
management, this machine will perform the automatic
probing, drilling, cleaning and filling of the root canals
2,12.

Specific objectives of micro-robots include

1. Reducing the reliance on the skills of dentist.

2. Minimizing human error

3. Offering a method for precise diagnosis and treatment?.
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Figure 8: Summary of automated root canal treatent*

Advantages and Disadvantages

Dental robots have several advantages and dis-advantages.

They are:

Advantages

High accuracy and precision.

1. Stable, anchored and untiring that can be used
repeatedly without rest.

2. Ability to judge quantitative information fed into the
system®®.

Dis-Advantages

1. No judgment of the clinical situation and hence unable
to process any qualitative information.

2. Continuous monitoring of an experienced dentist is
always required.

3. These devices are very expensive and out of reach for
the common man*®.

4. The design of the nano-robot is very complicated and
hence difficult to customize and co-ordinate the tooth

and robot interface’.
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The art of digital dentistry — now and in the near future

Other Enabled Activities
* Forensics
« Epidemiology
*+  Clinical and practice based research

I I

Digital Data Set
* Electronic patient records
* Radiographs
* Digital photographs
* Intraoral scans

! !

Clinical Activities
= Interprofessional consultations
= Treatment plans
= Robot-assisted treatments
* Clinical Research

Patient Interactions
+  Consultation
+  Shared treatment decisions
* Healthy behaviors

Practice Management
*  Marketing
+  Efficiency/efficacy
+  Automated inventory
control

Education
*  Haptics and simulation robots
* Distance learning

CAD/CAM
= Restorations
= Other appliances
= Surgery guides and practice models
*  Tissue scaffolds

Figure 9: The art of digital dentistry®
Conclusion
Robotics is a quantum leap in the field of technology and
its applications in dentistry are immense and extensive.
With the incorporation of Artifical Intelligence to our
day-to-day clinical practice, there are exceptional and
surprising improvements in the precision of our
treatments. Hence, it is very important for all clinicians to
have basic knowledge and training with these advancing
technologies. However, it also requires a lot of research
and financial support for the actual implementation of
robots in our clinical practice. In no way can artifical
intelligence replace humans, but their integration in our
field leads to a successful and stress-free practice in
future.
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